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Fe2(CO)6(µ-S2), the simplest disulfide of iron carbonyl, was
first reported by Hieber over 40 years ago.1 It has a rich reaction
chemistry and has been extensively investigated over the years.2

Curiously, the related manganese compound Mn2(CO)6(µ-CO)-
(µ-S2), 1, has not yet been reported. Because of the importance
of bridging sulfido ligands in the synthesis of polynuclear metal
complexes in inorganic3 and bioinorganic systems,4 we have set
out to prepare1 and to study its structure and reactivity.

The new compound1 was obtained in 36% yield from the
reaction of Mn2(CO)9(NCMe) with thiirane in hexane solvent at
25 °C for 24 h.5 The product was isolated by chromatography on
silica gel by using a hexane/CH2Cl2 (3/1, v/v) solvent mixture
for elution. The infrared spectrum of1 shows a low-energy
absorption at 1894 cm-1 that can be attributed to a bridging
carbonyl ligand. The13C NMR spectrum at-25 °C shows three
resonances in a 212.5 (2 CO), 213.5 (4 CO), and 236.5 (1 CO)
pattern with the last also attributable to a bridging carbonyl ligand.
Details of the molecular structure of1 were established by a
single-crystal X-ray diffraction analysis.6 An ORTEP diagram of
the molecular structure of1 is shown in Figure 1. Like Fe2(CO)6-
(µ-S2), 1 contains two M(CO)3 units joined by a metal-metal
single bond, 2.6745(5) Å. The Mn-Mn distance is considerably
shorter than that observed in Mn2(CO)10, 2.9038(6) Å.7 This can

be attributed to the presence of the two supplemental bridging
ligands, one S2 ligand and one CO ligand. An even shorter Mn-
Mn distance, 2.581(1) Å, was found in the compound Mn2(CO)4-
(PMe3)2(µ-CO)(µ-SMe)2,8 which contains two bridging methyl-
thiolato ligands and a bridging CO ligand. The bridging S2 ligand
in 1 is similar to that found in Fe2(CO)6(µ-S2). Both sulfur atoms
are bonded to both metal atoms, and the S-S bond is perpen-
dicular to the Mn-Mn bond. The S-S bond length in1 at
2.0474(11) Å is slightly longer than that found in Fe2(CO)6(µ-
S2), 2.021(3) Å9a and 2.007(5) Å.9b

Two minor products identified as of Mn4S4(CO)15, 2 (4% yield),
and Mn4S4(CO)14(NCMe),3 (6% yield), by a combination of IR,
NMR, and single-crystal X-ray diffraction analyses11 were also
obtained from the reaction that gave1.5 Compound2 was obtained
previously by oxidative removal of the SnMe3 groups from Mn2-
(CO)8(µ-SSnMe3)2 by using iodine.10 It was proposed that2 was

formed in that reaction by the dimerization of two incipient
molecular units of “Mn2(CO)8(µ-S2)” formed by cleavage of the
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Figure 1. An ORTEP diagram of the molecular structure of Mn2(CO)7-
(µ-S2), 1, showing 40% probability thermal ellipsoids. Selected interatomic
distances (Å): Mn(1)-Mn(2) ) 2.6745(5), Mn(1)-S(1) ) 2.2890(8),
Mn(1)-S(2) ) 2.2877(7), Mn(2)-S(1) ) 2.2855(8), Mn(2)-S(2) )
2.2842(8), S(1)-S(2)) 2.0474(11), Mn(1)-C(13)) 2.033(3), Mn(2)-
C(13) ) 2.084(3).
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SnMe3 group from the sulfur atoms. Our studies support the idea
of the involvement of “Mn2(CO)8(µ-S2)” species. For example,
when1 was treated with CO, it was converted to2 in 90% yield
in 24 h at 25°C. The addition of one CO to one molecule of1
should yield a “Mn2(CO)8(µ-S2)” species. A subsequent coupling
of this “Mn2(CO)8(µ-S2)” to a second equivalent of1 could then
yield 2 after some minor rearrangements. Compound3 is simply
an NCMe derivative of2.

Interestingly, the reaction of1 with phosphines doesnot lead
to CO ligand substitution products, but instead leads to a higher
nuclearity species containing bridging sulfido ligands. For
example, the reaction of1 with 1 equiv of PMe2Ph at 25°C gave
the new compound Mn4S2(CO)15(PMe2Ph)2, 4, in 37% yield.12

The molecular structure of compound4 was established crystal-

lographically and is shown in Figure 2.13 Overall, the molecule
contains a crystallographically imposedC2 rotation axis. Like1,
compound4 contains an Mn2(µ-S)2 core with an Mn-Mn single
bond, but this bond at 2.6356(16) Å is slightly shorter than that
in 1. In 4, however, the sulfur atoms are not mutually bonded,

S‚‚‚S ) 2.829(2) Å. Instead, each sulfur atom contains an
Mn(CO)4(PMe2Ph) substituent. There is also a bridging carbonyl
ligand,νCO ) 1933 cm-1. While the mechanism of the formation
of 4 is not yet known, the presence of four manganese atoms
clearly implies the involvement of 2 equiv of1 with the loss of
two sulfur atoms. The fate of the sulfur atoms was established
spectroscopically to be in the form of SdPMe2Ph by a combina-
tion with PMe2Ph.

The stable new compound1 should be a valuable reagent for
the synthesis of other sulfur-containing manganese carbonyl
complexes. In addition, it will be interesting to see how the organic
chemistry of the disulfido ligand in1 compares and contrasts with
that observed for Fe2(CO)6(µ-S2).2,14
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Figure 2. A side view of the molecular structure of Mn2(CO)14(PMe2-
Ph)2(µ-S)2, 4, showing 40% probability thermal ellipsoids. Selected
interatomic distances (Å): Mn(1)-Mn(1′) ) 2.6356(16), Mn(1)-S(1)
) 2.3458(15), Mn(1)-S(1′) ) 2.3449(15), Mn(2)-S(1) ) 2.3992(14),
Mn(2)-P(1) ) 2.3480(16), S(1)‚‚‚S(1′) ) 2.829(2), Mn(1)-C(12) )
2.058(6).
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